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1. Introduction 
Inclusive design is a design philosophy with the aim of considering the needs and capabilities of the 
whole population. A central tenet of the philosophy is that through considering the full diversity of users a 
better product will result. Inclusive design aims to engender greater awareness of the fact that it is “normal to 
be different” and that great heterogeneity exists in people’s capabilities and must be accounted for in good 
product design (Clarkson, 2009). The importance of inclusive design is increasing as the populations in many 
Western countries, including the UK, are ageing (ONS, 2008). In general, heterogeneity increases with age 
(Nelson and Dannefer, 1992) and thus, as the population becomes older, the needs and capabilities of users 
become ever more diverse.  
 
In the context of design, capability refers to an individual’s level of functioning, along a given 
dimension from very high ability to extreme impairment, which has implications for the extent to which they 
can interact with products. Historically, the design response to questions of capability has often been to 
accommodate users between the 5th and 95th percentiles of ability. However, as Porter and colleagues (2004) 
point out, this effectively encourages designers to ignore up to 5% of people on each specific capability 
dimension considered. Given that multiple capabilities are required for interaction with most, if not all, 
products and that different people tend to populate the extremes of different capability domains (that is, the 
group of people who have strength capabilities below the 5th percentile are likely to be different to the group 
of people who have vision capabilities below the 5th percentile), designing with the “majority” of users in 
mind across multiple capability demands often results in products that are difficult or impossible to use for 
many people. For example, a product that excludes 5% of people on the basis of vision, 5% on the basis of 
hearing and 5% on the basis of dexterity is highly unlikely to exclude 5% of people overall, rather, it is more 
likely to exclude 10-15% of potential users. 
 
To support designers in designing for the whole population, tools are required that allow the prediction 
of difficulty with or exclusion from product interactions. While the most valid technique will always be to 
have users interacting with the product in question, a variety of constraints mean this will not always be 
possible. Moreover, whereas user testing will give a great depth of understanding, the full breadth of 
capability across domains cannot easily be captured in any particular sample of users. Thus, tools for 
predicting difficulty and exclusion need to be able to give designers a picture of the full range of capabilities 
and also the ability to consider and understand the multivariate nature of capability profiles. For example, it 
may be important to know how many people will have difficulty with the vision demands of a product, how 
many people will have difficulty with the hearing demands of the product, how many people will have 
difficulty with neither, and how many people will have difficulty with both.  
 
The breadth and multivariate nature of capabilities can be best captured and represented through a 
database that covers multiple capability domains for a representative sample of the population. Such a 
database allows consideration of issues such as: how many of the people who would be excluded by the vision 
demands of a particular product would be able to use that product if it provided audio feedback; or given the 
demands of a different product across all capability domains, how many people will have difficulty with the 
product in one way or another? It should be noted that a database in itself is unlikely to be of use to designers 
and that tools need to be developed that present the relevant data in an accessible and useful way. Examples of 
such tools include HADRIAN, a computer-aided design tool which allows evaluation of products and services 
against a database which includes 3D anthropometry and functional abilities (Porter et al., 2004) and the 
Exclusion Calculator, a tool designed to estimate the number of people who would be excluded from using a 
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particular product based on assessing the demands on each individual capability domain (Clarkson et al., 
2007). Although the best form for presenting data will ultimately depend on factors such as the target user 
group (e.g., designers) and the kind of data being represented (e.g., self-report data on a 9-point scale, 
objective measurements of grip strength, etc.) certain characteristics of effective data presentation have been 
identified. Waller and colleagues (2008) have conducted research towards identifying the broader principles 
that make capability data more accessible for designers and more suitable for the calculation of design 
exclusion. This work has highlighted the value of the ability to view the impact of changing the level of 
demand on both single and multiple capabilities, the utility of stylised graphs that communicate the non-
linearity of the relationship between demand and exclusion, and the importance of both simple and more 
detailed representations of the data (Waller et al., 2008). 
 
Following a review which identifies the limitations of existing databases, this paper aims to inform the 
design of a capability database through discussion of the issues that influence the populating of such a 
database on all domains of interest; whether it be through interview, examination, questionnaire or a 
combination of these methods. As with any survey, certain trade-offs and compromises are likely to be made, 
informed by consideration of the intended use of the data. For example, the depth and breadth of the data 
collected must be balanced against the length of the survey and the resulting time and effort required of the 
participant. Note that the discussion in this paper is focussed on the UK population. However, in many cases, 
designers will be interested in a broader population, and while the conceptual issues raised in the paper are 
discussed in the context of the UK population, they are also more widely applicable. Moreover, while some 
differences across the populations of different countries can be expected (Melzer et al., 2004), many of the 
broad trends observed in UK population data can be expected to be observed in other developed countries 
(where similar patterns of health and life expectancy exist). 
 
The context of intended use of a capability database is the design of products and, more specifically, 
tools for designers that enable and encourage inclusive design. To this end, the aim is to create a tool that 
provides access to the database for designers. The tool should filter the content of the database and provide 
enough information for designers to allow for the full range of user needs but not so much information that the 
designer is overwhelmed. The database (and related tools) should be considered as one part of a larger process 
of consultation and design. Specifically, the database can be considered as part of a ‘knowledge loop’ (Keates 
and Clarkson, 2003) from which genuinely validated inclusive design will result when the data are employed 
by designers in the design of products, the resulting products are verified and validated with end-users, and 
the data from end-users is, in turn, captured and incorporated into the design.  
 
The structure of this paper is as follows: first, a review of existing databases will be presented, along 
with discussion of general issues of capability measurement and strategies for selecting appropriate survey 
samples; second, consideration will be given to survey measurement operationalisation issues (that is, 
defining exactly how capability can best be measured), where possible drawing conclusions based on existing 
research; and finally, research required to answer remaining questions will be described. In summary, this 
paper describes one of many steps required to reach the ultimate goal of designing and conducting a user 
survey that will lead to the creation of a purpose-made capability database for use in inclusive design. 
2. Existing databases 
Before reflecting on the issues that influence the design of a capability database it is important to 
review and evaluate existing sources of data. Potentially useful databases must be representative of the UK 
population and, for the reasons described above, include data on multiple capabilities. It is only possible to 
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combine single capability databases if they are conducted with equivalent samples and where cases can be 
matched across samples such that the number of people with each combination of capability levels can be 
identified (which is not possible with any of the existing UK sources of data). Similarly, ergonomic databases, 
such as Adultdata (Peebles and Norris, 1998), Older Adultdata (Smith et al., 2000) and Childata (Norris and 
Wilson, 1995), which cover multiple domains in a single publication, draw their data for each domain from 
different samples and thus assessment of multiple capabilities is not possible. 
 
Survey questions must be asked at an appropriate level of specificity if they are to be applicable to 
inclusive design; that is, not so broad that they cannot be applied to specific products and tasks or not so 
narrow that their use requires aggregation of too much data. In many cases, existing health and disability 
surveys ask only general questions (for example, do you suffer from any limiting long-standing illness?) and 
disease-specific questions, which are not useful to inclusive design, since knowing that someone suffers from 
a particular disease (for example, diabetes) does not reliably provide an indication of their capabilities. 
Surveys that fall into this category include the General Household Survey, the Family and Children Study, the 
Family Resources Survey, the Labour Force Survey, the Omnibus Survey and the Census (Bajekal et al., 
2004, EC, 2008). Other surveys that limit their consideration of capability to disability as it affects a particular 
domain such as housing or employment, for example, the Survey of English Housing and the Employment of 
Disabled People Survey or the Employment and Handicap Survey (Bajekal et al., 2004, EC, 2008), are also 
inappropriate for use in the context of inclusive design. 
 
The Health Survey for England considers individual capability domains including locomotion, 
personal care, seeing, hearing and communication. This is closer to being suitable for use in populating a 
capability database. Unfortunately, this range of capabilities is too limited for valid assessment of most 
product interactions. In addition, careful inspection of the items used in the survey (EC, 2008) reveals that in 
many cases they contain insufficient detail for use as capability measures. 
 
The survey best suited for use as a design-relevant capability database is the Office of National 
Statistics, Great Britain Disability Follow-up Survey 1996/97 (DFS). The DFS includes items on locomotion, 
reach and stretch, dexterity, vision, hearing, communication and intellectual functioning. Of the existing 
databases, the DFS provides data on the widest range of capability domains at a level of specificity suitable 
for adaption to capability estimates for product interactions. However, while providing the best available data, 
the DFS is limited by problems with the sift criteria used to sample the population (for example, certain age 
brackets are known to be under-represented) and a lack of data from people living in institutions (who are 
known to have a different capability set to those living in the community, Grundy et al., 1999). Issues beyond 
the scope of this paper also arise as a result of the fact that the survey was designed to provide a measure of 
severity of disability among the UK population and not intended for use in providing capability estimates. For 
these reasons, this paper focuses on identifying the research needed to inform the construction of a survey 
designed specifically for the creation of a representative and multivariate database that spans the capabilities 
essential to be considered for good design. 
3. General issues with surveying capabilities 
While little research has been undertaken regarding the surveying of capability, the research done in 
support of the aforementioned health and disability surveys identifies broad issues that are relevant to the 
measurement of capability. One key issue is that of accessibility – those with less capability on certain key 
domains may be challenged by the practicalities of participating in a survey (Bajekal et al., 2004). For 
example, people with low levels of vision or dexterity may have difficulty completing a written survey. 
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Similarly, those with low hearing capability may face difficulty if required to participate in a face-to-face 
interview. In many cases these problems can be circumvented by providing multiple modalities for survey 
delivery and response (for example, written surveys, verbal interviews, proxy response). However, the use of 
multiple modalities requires that the possible influence of specific modalities on the measures also be 
considered. This will be discussed further in section 5.2. 
 
Potentially more difficult are issues with surveying cognitive capability. While most people can be 
expected to be aware of their physical capabilities, people may not be aware that they have lower than average 
cognitive capabilities. For example, a questionnaire measure of memory capability requires that participants 
have sufficient memory capability to be able to recall any problems they experience with memory (Crook and 
Larrabee, 1990). While the specifics are beyond the scope of this paper it is worth noting that research 
exploring solutions to this issue has been conducted and means of minimising the impact of this problem have 
been identified (Riedel-Heller et al., 2000). In addition, there are issues surrounding measurement of episodic 
changes in capability and impairments that vary in severity with time (Bajekal et al., 2004). In large part such 
issues can be resolved by being clear about the data that is being sought and designing questions that are in 
line with these aims. For example, if data about episodic changes in capability is needed, items that ask 
participants to think about specific timeframes can be employed.  
4. Recruitment and sampling 
The most relevant research on the question of recruitment and sampling can again be drawn from the 
fields of health and disability. Aaroma and colleagues (Aromaa et al., 2003a, Aromaa et al., 2003b) have 
reviewed research in the area and conclude that non-participation in health and ability-related surveys is not 
random, but selective, in that those with several health problems or disabilities are less likely to respond. 
More specifically, non-response patterns among young and middle-aged adults result in underestimation of 
mental disorders and overestimation of physical activity. Among older age groups, non-participants tend to 
suffer more from chronic illnesses, have more severe functional limitations (of particular relevance to 
capability surveying) and more often need assistance in everyday chores (Aromaa et al., 2003a).  
 
For these reasons, the sample for a capability survey should be drawn at random from the population 
of the UK without the use of any sift criteria, ideally, including those living in institutions. The more 
challenging issue is the need to minimise non-response to the survey among those sampled. Based on their 
review of the literature, Aaroma and colleagues (2003a) suggest a number of means, including emphasising 
the importance of participation of people of all capability levels and highlighting the benefits of participation 
to potential participants (e.g., access to the findings of the survey). Moreover, where non-response to the full 
survey occurs, information should be collected, where possible, through techniques such as audits of medical 
records, provision of abbreviated versions of questionnaires, the use of proxy reporting or brief telephone or 
face-to-face contacts. 
5. Measuring capability  
As discussed above, there is a lack of existing databases that are suitable for use in inclusive design. 
Having looked at the general issues surrounding capability measurement and the strategies for selecting 
appropriate survey samples, this section of the paper moves on to considering how capability can best be 
measured when the goal is to facilitate inclusive design. The issues discussed are informed by the broader 
literature, with conclusions being drawn where possible and unanswered questions being identified. The 
research required to begin answering such questions is then described in the final section of the paper. 
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5.1 Self-report vs. performance 
Capability can be assessed through both self-report and performance-based measures. Self-report 
measures are generally quicker to use, less expensive and more easily administered than performance 
measures (Kivinen et al., 1998, Rogers et al., 2003, Fors et al., 2006). Self-report measures can be conducted 
face-to-face, over the phone or via a questionnaire, while performance-based measures require the presence of 
an observer and, in some cases, specialised equipment. Moreover, where self-report measures are employed a 
proxy can be used to provide information if the participant is not able to do so.  
 
While self-report measures have advantages over performance measures in these practical ways, they 
rely on the accuracy of the participant’s judgments (Kivinen et al., 1998, Hupkens et al., 1999). Research in 
the field of health and disability has shown that self-report measures (of health and ability) can be affected by 
educational, cultural, language and social differences (Guralnik et al., 1994, Kivinen et al., 1998, Aromaa et 
al., 2003a, Fors et al., 2006). Conversely, performance measures have been argued to be more reliable (Fors 
et al., 2006), more sensitive to change (Kivinen et al., 1998) and more able to accurately measure ability at 
higher levels (Guralnik et al., 1994). 
 
Extensive research directly comparing self-report and performance measures has been conducted with 
measures of health and disability e.g., (Kelly-Hayes et al., 1992, Hoeymans et al., 1996, Kempen et al., 
1996b, Milunpalo et al., 1997, Daltroy et al., 1999, Klein et al., 1999, Wijlhuizen and Ooijendijk, 1999, Fried 
et al., 2000, Guralnik et al., 2000, Iburg et al., 2001a, Simonsick et al., 2001, Brach et al., 2002, Rogers et al., 
2003, Reuben et al., 2004, Sayers et al., 2004, Sainio et al., 2006, Shulman et al., 2006). In a review of the 
literature, van den Brink and colleagues (2003) found that between 4% and 50% of the variance in self-
reported ability could be explained by performance-based measures. It is important to note that these figures 
do not necessarily suggest the utility of one measure over the other. Rather, they can be interpreted as an 
indication that self-report and performance measures are providing access to different things. Self-report 
encompasses several subjective factors such as individual expectations and aspirations, comparison to peers, 
and previous level of functioning (Fors et al., 2006). In contrast, performance-based measures assess 
functional ability, or capacity to perform a particular task. Ho ever, performance-based measures may not 
give a good indication of whether a task is performed in the everyday life of the participant, as there is a clear 
difference between performing a task once during a monitored test and actually functioning in the context of 
everyday life (Fors et al., 2006).  
 
Concordance between self-report and performance measures varies across tasks. Research in a study 
on ageing found better concordance for motor function tasks and hearing tasks than for vision tasks (Kempen 
et al., 1996b). In a sample of people with Parkinson’s disease, greater concordance between self-report and 
performance was found for measures of dressing and walking than for eating, money management or 
medication management (Shulman et al., 2006). In contrast, Wiljhuizen and Ooijendijk (1999) found poorer 
concordance for locomotion, dressing, vision and use of the toilet than for climbing stairs, bed and chair 
transfers, retrieving, washing and feeding.  
 
Concordance has been shown to vary, not only as a function of the kind of task being undertaken, but 
also as a function of the characteristics of the individual. Research in this area has looked both at the 
characteristics associated with greater discordance between self-report and performance and also the direction 
of discordance (that is, the characteristics that lead to a person self-reporting more or less difficulty at a 
particular level of functional performance). There is evidence of greater discordance between self-report and 
performance among women, older people and people with cognitive impairment (Fors et al., 2006). More 
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specifically, with respect to socio-demographic variables, males, people of non-white ethnicity, people with 
higher incomes, people living in non-urban areas, and people with more formal education have been shown to 
report less difficulty at a given level of performance (Kempen et al., 1996b, Daltroy et al., 1999, Iburg et al., 
2001b, Iburg et al., 2001a, Melzer et al., 2004, Sainio et al., 2006). There is also evidence of variation in self-
report of difficulty at a given level of function between different countries (Melzer et al., 2004). With regard 
to individual characteristics, higher self-report of difficulty at a given level of performance was found across a 
variety of factors including: people with lower perceptions of their own personal control; people with 
depression, anxiety or neuroticism; people with joint pain or stiffness; and people doing less exercise 
(Kempen et al., 1996a, Kempen et al., 1996b, Daltroy et al., 1999, Melzer et al., 2004). Finally, less self-
report of difficulty at a given level of function was found among people with dementia and people with 
memory problems (Kivinen et al., 1998).  
 
While broad conclusions can be drawn from existing research on the concordance between self-report 
and performance measures, these findings are better treated as a guide for future research than findings that 
are directly applicable to the measurement of capability for inclusive design. The vast majority of the research 
has been conducted with older (60+) samples and should be replicated with samples of a broader age range. 
Some of the research also fails to compare equivalent self-report and performance measures, for example, 
assessing self-rated ability to grasp and handle objects with one’s fingers compared with performance placing 
pins in a peg-board within 60 seconds (Myers et al., 1993, Hoeymans et al., 1996, Lan et al., 2002, Shulman 
et al., 2006). The majority of the research was conducted within the health domain and not all the measures 
employed are necessarily relevant to assessment of capability. 
 
In summary, self-report measures of capability can potentially provide access to physiological, 
environmental, cultural and attitudinal components of capability, while measures operationalised as 
performance of a task are more likely to reflect physiological aspects of capability (Sainio et al., 2006). Thus, 
performance and self-report measures can potentially assess different aspects of capability and discordance 
between the two types of measure should be expected. The nature and details of the discordance, however, are 
informative in determining which measures are most appropriate for assessing capability in the field of 
inclusive design. In addition, while it is informative to consider the predictors of discordance between self-
report and performance, it cannot be assumed that because self-report measures are influenced by a larger 
variety of factors, they are less accurate than performance-based measures. For the purposes of inclusive 
design, the degree of accuracy of the measure can only be judged in terms of how well the measure predicts 
people’s difficulty with or exclusion from using a product.  
5.2 Self-report vs. proxy report 
Proxy responses can be potentially useful in situations where the participant would otherwise have 
insufficient capabilities to complete the survey. However, proxy reporting should not be assumed to be 
equivalent to self-report as research has shown that a proxy report is not as accurate as self-report for ratings 
of ability to perform Activities of Daily Living (ADLs) among older people (Reuben et al., 2004). There is 
evidence that proxies more often report activity limitations and report greater severity of limitations than 
participants themselves. It is argued that this is more likely to be an issue with respect to sensitive or 
potentially stigmatizing issues (Elam et al., 1991). Similarly, there is evidence that agreement between self- 
and proxy-report is higher for more objective, concrete questions and when the subject of the question is more 
easily observed. In a study on performance of ADLs in the home, differing levels of concordance between self 
and proxy report were found for different tasks. The greatest concordance was found for personal care, then 
for cognitive instrumental activities, then functional mobility and finally, the least concordance was found for 
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tasks related to physical instrumental activities (Rogers et al., 2003). However, for the reasons discussed 
above (the use of only older samples and a focus on health and medical issues) it is important that these 
findings are treated as informative for future research but not definitive for questions around measuring 
capability in the field of inclusive design.  
5.3 Self-report: Capacity vs. performance 
When assessing capability it is important to determine whether questions will refer to the capacity to 
do a particular task or to whether a particular task is actually performed. For example, the question “Do you 
do your own shopping?” may elicit a different response to the question “Could you do your own shopping?”.  
However, a question about actual performance of an activity may not be sensitive to those who have the 
capacity to do something but choose not to or are prevented from doing so by environmental constraints 
(Aromaa et al., 2003a, Bajekal et al., 2004). Conversely, a question about capacity is more open to 
interpretation and potentially inaccurate judgments. Of most relevance for the measurement of capability in 
inclusive design is whether subjective capacity to perform an activity or self-reported performance of the 
activity is the more valid and reliable predictor of difficulty with or exclusion from product interactions. 
5.4 Self-report: Difficulty, modification, frequency and assistive devices 
Questions that focus on performance or capacity tend to pre-suppose a dichotomous notion of 
capability. A person is assumed to either do something or not, or to judge that they have the capacity to do 
something or not. However, it can be more informative to look at issues such as whether someone reports 
difficulty performing an activity, whether they have modified the way they perform an activity, changed the 
frequency with which they perform an activity or whether they use an assistive device or aid (for example, a 
walking frame) when performing an activity. It has been shown that participants will report that they have no 
difficulty with a particular task even though they report using a modified method of performing the task; 
taking longer to do the task; or doing the task less often (Bajekal et al., 2004). There is evidence that 
modification of mobility-related tasks is a predictor of later difficulty with mobility (Brach et al., 2002). 
Moreover, there is evidence, across a variety of tasks, of equivalent functional decline among those who 
report difficulty with a task and those who report no difficulty with a task but do report modification of the 
task or a change in frequency of performing the task (Fried et al., 2000). These findings suggest that where 
self-report measures of difficulty are used it is likely to be informative to also take measures of task 
modification and changes in frequency of task performance. Finally, it seems likely that the use of assistive 
devices (for example, a walking frame or eye glasses) will also be an indication of change in capability (Fried 
et al., 1996).  
5.5 Performance: Naturalistic and experimental settings 
Where performance measures are employed, the setting in which the measurement is taken can have 
an impact on the assessment of capability. A person’s ability to perform an activity can be shown to vary 
between the home and a testing or experimental setting (Kivinen et al., 1998). In the home, people may 
develop coping strategies to enable them to perform certain tasks despite capacity limitations; conversely, 
people may push themselves during a performance-based test in a way that they would not be able to do on a 
regular basis (Merrill et al., 1997). Thus, either setting may indicate greater or lesser capability for particular 
tasks or activities. In a study of older women with osteoarthritis of the knee, the concordance between 
performance of tasks in the home and in a clinical setting was compared. A great deal more concordance 
(73%) was found for functional mobility activities than for personal care activities (57%), cognitive 
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instrumental activities (55%) or physical instrumental activities (52%) (Rogers et al., 2003). For measures 
relevant to a capability database in Inclusive Design, it seems likely that a testing environment may provide 
greater consistency of measurement, while testing in the home is likely to provide greater validity.  
5.6 Self-report or performance: Activities, tasks and component functions 
Whether self-report or performance measures are taken, the granularity of the measurement needs to 
be considered – it is possible to look at broad activities (for example, replying to an SMS text message), at 
specific tasks (for example, reading the LCD screen on a phone), or at component functions (for example, 
vision measured by an eyesight test). At the level of activities, the Activities of Daily Living (both basic and 
instrumental) are designed to cover a wide and representative range of everyday activities. However, it has 
been suggested that the current set of ADLs does not properly represent the range and level of activities of 
younger people (Robine et al., 2002). Thus, it may be necessary to review the list of ADLs with a view to 
considering their appropriateness for different age groups and their suitability for assessing capability with a 
view to informing Inclusive Design. Alternatively, measures of tasks, such as the capability to read an LCD 
screen, fasten a button or open a jar, can be argued to be more directly relevant to designers. It seems likely, 
however, that measurement of capability across a large number of tasks would be needed in order to achieve a 
suitably representative range of measures.  
 
Measures of component function can also be employed and combined with models of product 
interaction to facilitate prediction of difficulty with a product interaction, through considering the set of 
performance resources engaged relative to the task demands (Persad et al., 2007). Measures of component 
functions are potentially more reliable than measures of tasks or activities, although it can be argued that the 
maximum capability is not the most valid predictor of what a person will actually undertake. It has been 
shown, for example, that maximum strength is not necessarily a good predictor of capability across activities 
(Simonsick et al., 2001). It has also been suggested that a person’s comfortable limit, rather than their 
maximum strength, is a more valid predictor for use in Inclusive Design datasets (Porter et al., 2004). As with 
many of the issues considered, the question of most relevance is whether measures of activities, tasks or 
component functions provide the most accurate and generalisable prediction of difficulty with or exclusion 
from interactions with products. 
6. Potential influences on capability measurement 
6.1 Psychological resources 
Certain psychological states and traits of a person are likely to directly influence their capability when 
using a product. There is extensive evidence that affect (mood or emotional state) can change a person’s 
perceptions, thoughts and behaviour (see Forgas, 2008 for a review). For example, happier people are more 
confident, form higher expectations and behave in a more optimistic and cooperative manner in negotiation. 
Similarly, there is evidence that positive affect can act as a motivational resource, allowing people to cope 
with more aversive situations. There are also situations, however, in which negative affective states can confer 
an advantage by promoting a more attentive and accommodating perceptual style that leads to superior 
outcomes including better monitoring or focus on details (Fredrickson, 2004, Forgas, 2008). Thus, it seems 
likely that a person’s affective state (either positive or negative) will impact on their rating of their own 
capabilities, their attitudes to products and their capability with the product (Norman, 2002, Shulman et al., 
2006). Moreover, it seems highly likely that more specific psychological qualities or resources will moderate 
a person’s capability levels. For example, research has shown that prior experience or familiarity with a 
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product is one of the best predictors of capability with that product (Langdon et al., 2007). Similarly, it can be 
expected that greater self-confidence and motivation will increase a person’s capability.  
 
Just as psychological resources seem likely to influence a person’s experience with a product, there is 
evidence to suggest that a product can influence a person’s psychological resources. Norman (2002) has 
proposed that “attractive things work better”. Where the design, function or appearance of a product increases 
positive affect, a broadening of creativity and tolerance for minor difficulties will result. The changes in 
processing style associated with positive affect will aid in creative problem solving and difficulties 
encountered while using the product will be more easily overcome (Norman, 2002). Thus, an iterative cycle 
may exist whereby the design of a product can create positive affect in the user, which, in turn, makes the 
product easier to use, which leads back to greater positive affect. Research exploring this relationship is 
needed, but confirmation of the cycle between design, affect and capability would indicate a need to consider 
this cycle as part of Inclusive Design, i.e. not just the functionality and usability of a product, but also its 
appearance and any other characteristics that have a positive impact on the user’s affective state.  
 
Further research is needed to explore the impact of affective state on capability during a product 
interaction and to confirm the hypothesised relationships between capability and variables such as self-
confidence and motivation. In addition, research should investigate the assessment of psychological resources 
in order to allow initial exploration of any potential moderation of difficulty or exclusion.  
6.2 Physical context 
Physical context can be considered to encompass the environmental characteristics in which the 
interaction occurs, for example; lighting conditions, ambient noise, the height of a kitchen bench, or the 
amount of moisture in a bathroom. The direction of the effect of such characteristics is generally predictable – 
a device that requires visual capability is likely to be more difficult to use in a poorly lit environment. The 
extent of the impact on the level of capability required is likely to be variable – a device with a high contrast 
display will be less affected by poor lighting than a device with a low contrast display. For the purposes of 
collecting data for a capability database, it is important that the physical context is kept constant for all 
participants. For example, all participants should have their visual capability assessed in the same lighting 
conditions. If the physical context is not consistent, it is not possible to assume that the capability values 
obtained for different people are comparable. The issues surrounding physical context suggest that in 
surveying capabilities, a controlled testing environment is likely to have advantages over testing in the home. 
In either environment, it will be important that physical context is considered and kept as consistent as 
possible. 
7. Summary of research questions 
The research considered above leads to the identification of several key questions in the context of the 
construction of a survey to assess capability. These questions are summarised below and followed by a 
description of research designed to answer them: 
• Does self-report or performance provide the better prediction of people’s capability and associated 
difficulty or exclusion when interacting with products, taking particular consideration of the capability 
domain and individual and socio-demographic characteristics? 
• How does proxy reporting affect the measurement of capability and predicted difficulty or exclusion when 
interacting with products? 
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• Does self-reported performance or self-reported capacity provide the better prediction of people’s 
capability and associated difficulty or exclusion when interacting with products? 
• How much improvement in the prediction of people’s capability when interacting with products can be 
gained by considering difficulty, modification of tasks and change in frequency of performance? 
• Does performance measured in a controlled testing environment or performance measured in the home 
provide the better prediction of people’s capability and associated difficulty or exclusion when interacting 
with products, taking particular consideration of the physical context of any measurements? 
• Does a measure of activities, tasks or component functions provide the better prediction of people’s 
capability and associated difficulty or exclusion when interacting with products? 
• How do psychological resources (affect, self-confidence, motivation) affect people’s capability and 
associated difficulty or exclusion when interacting with products? 
8. Required research 
This section of the paper describes the research that needs to be conducted in order to provide initial 
answers to the questions listed above. The research represents an intermediate stage between the identification 
of the issues (in this paper) and the design of a capability database. It is not envisaged that a single study be 
conducted to answer all these questions simultaneously; rather a series of linked sub-studies should be 
undertaken. However, for the sake of conciseness and clarity, the discussion that follows describes the 
research as a single large study rather than as a series of component studies.  
 
The sample used needs to have a representative range of age, gender and educational background. The 
research will involve participants completing measures across a variety of activities, tasks and component 
functions as well as a series of actual product interactions across a variety of domains (e.g., vision, hearing, 
dexterity etc.). Statistical analyses will be undertaken to assess which activities, tasks and component function 
measures provide the most accurate and generalisable prediction of difficulty or exclusion in the product 
interactions. In this way, it should be possible to identify the most effective measures to be used in the survey, 
which will ultimately provide data for the capability database. 
8.1 Measures 
More specifically, the following measures will be taken: 
 
1. Activities 
• Self-report ratings of capacity, performance, difficulty, modification and frequency 
• Proxy ratings of capacity, performance, difficulty, modification and frequency 
• Actual performance of the activity in the home and in the lab 
 
2. Tasks 
• Self-report ratings of capacity, performance, difficulty, modification and frequency 
• Proxy ratings of capacity, performance, difficulty, modification and frequency 
• Actual performance of the task in the home and in the lab 
 
3. Component Function 
• Self-report ratings of capability in component function (for example, self-reported rating of vision) 
• Proxy ratings of capability in component function 
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• Objective tests (performance) of component function (for example, vision measured via an eyesight test) 
 
4. Product Interactions 
• Self-report ratings of expected difficulty with the product interaction prior to interacting with the product 
• Performance-based measures of the actual product interaction (observer ratings, objective measures such 
as completion of task with product, number of errors made, time taken etc.) 
• Self-report ratings of difficulty experienced with the product interaction after interacting with the product 
 
Socio-demographic characteristics (for example, age, gender), individual characteristics (for example, 
affective state) and psychological resources (for example, motivation, self-confidence) should be assessed as 
part of the research. As a means of assessing the impact of affect, participants should be given a mood 
induction task (negative, neutral or positive) at the beginning of the study. Thus, it will be possible to look at 
the impact of mood on both self-report measures and performance. Also, it may be possible to begin exploring 
any interactions between affect and self-confidence or motivation. 
 
A potential difficulty arises from the order in which measures are undertaken. It is likely that 
participants asked to provide a subjective rating of their ability to do something might provide a different 
rating as a function of whether or not they expect to have their actual ability to do that thing measured. 
Similarly, it could be expected that participants’ self-reported capacity to do something could be more 
accurate if they have just performed the task or activity. Conversely, it can be argued that participants might 
be more motivated to perform a task or activity if they have just self-reported a high capacity for that task or 
activity. Support for these possibilities is provided by evidence that the concordance between self-report and 
performance varies as a function of the order in which the measures are taken (Daltroy et al., 1999, Shulman 
et al., 2006). For these reasons, the order of the measures used in the research will be counterbalanced. That 
is, the order of measures taken in the study will be varied across participants so that the influence of any of the 
processes discussed can be identified. 
 
8.2 Proposed study method 
The following example, described for the dexterity domain, illustrates the structure of a possible 
experimental process. While multiple activities, tasks and component functions should be measured in each 
domain, for the sake of brevity only a single example of each is described. 
 
At the beginning of the study the participant is asked to complete a mood induction task. A short 
questionnaire is completed, covering socio-demographic and individual characteristics and psychological 
resources. The participant is then asked to self-report their capacity to perform, whether they actually perform, 
their difficulty with, any modification in technique, and changes in frequency of the activity of getting 
dressed. Responses to all these items are also taken from a proxy. The participant is then asked to perform a 
dressing activity in the home and in the testing environment. The same measures (self-report and proxy 
ratings of their capacity to perform, whether they actually perform, their difficulty with, any modification in 
technique, and changes in frequency) are also taken for the task of fastening a button. Additionally, self-report 
and proxy ratings of dexterity (the component function) are taken along with an objective test of dexterity. 
Finally, participants are asked to undertake interactions with a variety of products that make a demand on 
dexterity (for example, use of a mobile phone, opening a medication package). The order of all these 
activities, tasks and measures is varied across participants. 
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Through conducting this research it is expected that the questions identified in section 7 can begin to 
be answered. The research will directly inform which measures best predict difficulty and exclusion in 
product interactions, and hence which measures would be best suited for use in a design-relevant survey of 
capability. Ultimately, the resulting database, in tandem with tools that present the data to designers in a 
relevant and accessible way, should promote and facilitate Inclusive Design. 
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